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(54) OPTICAL COMMUNICATION SYSTEM EQUIPMENT WITH AUTOMATIC DISTRIBUTION 
COMPENSATING MODULE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To optimize the 
performance of an optical communication system by 
providing a data maintenance monitor, and adjusting 
dispersion elements so that the performance of this 
system is optimized, and deciding the distribution of 
grating according to the strength of added currents, 
detecting the maintenance of transmitted data and 
controlling the currents to be added to the grating. 
SOLUTION: Each automatic distribution compensating 
module 20 is provided with a variable distribution 
compensator 30, a data maintenance monitor 31 and a 
feedback network 32, and the monitor 31 adjusts the 
distribution compensator 30 through the feedback 
network 32 so that the performance of this system is 
optimized. Part of a signal on a transmission fiber path 
1 1 is sampled, for example, by a tap 34, and this signals 
is analyzed so that the scale of the maintenance of the 
transmitted data can be obtained, and a feedback signal 
for controlling a variable distribution compensation 

grating 33 can be obtained from this scale. In the variable distribution compensator 30, a signal 
light from the transmission fiber 11 is directed to the variable distribution compensation grating 
33. 
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©«±£#M<b3*v5 J: 5 £SSgj$ JxS c i: v®&.t 
ut&&^+— zr&Wz)-? 1 ? vtftrv—Tr^ 

iEHESiP & fig * C i: feErSfcfc*-S3Mae 1 Oy^rA. 

(fieed Solomon) Jft6rfil=-9— ^jETTI/ZJ U XA^JgU 
5 £ h hi- SflMSB 7 A. 

[sgSSg 1 0 3 WiR^— SONET 

• (.®t®yt&mm) 7*--?? m^©^— c 

fJE^^-HftfBBaW, ATM (ffH 

i: 1 2> fS^Jg 9 © A. 
[i«S12j b51S^-7— ^ffliJSgi) 5 . FDD I {% 
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A. 

[ftaai 1 3 3 snB*a&©**w©«*©*st * as 

i£jJSg 1 ©i>X^A. 
[*«©S»B«ll^3 

[00013 

aewttt*' ^^Atei^gsgftTsfcK)©-^* 
iL fc^^^x^ a t m-f z> . 

[0 0 0 23 

[*fcfc©i£$B3 ^T-f^IfyXrAti:, Ey?fefi© 

-y ^«:iilrafe s v^t±ffiis•r s fe»c:SE^ ft 
[0 0 0 33 tte^rAli, amtix SEJg^t u 

t, ^s^l6g©-> , J*?t7T-^'/^«:^^^5. 

«S^^J;D. ^^v>e«B^r^©>lS&gt72». £c 

^©^^Att, #— ©^•y*;i'$:7>S:* s e^^?>tt 
feiSft^* £>SA/t:-^ s &©-efe 5 . 
[00043 tczv. <$-B-cu.. £*)<$><cDm&Kr 

^7c©C, #-»©^-v^;^J; DiSV^JHISSCS^T 
A) , £tit=#-pT, ^-7*SS«-tScfeJ:iJSSC« 
DMWrAlt K^lc©«$:{Sig-r^*. 

^^^^©Jiin/j&m^y- d ^s^t£i;©^«ti$:g 

LTV^S* 1 , WDM^7 i A|*lC:il^tLi.^i'^;i'© 
[ 0 0 0 5 3 ^-tfca:. tiu /vvzxomfrZ i,t 

^^A©fet^«tim^^m±©fix^ti h^.T^© 

Tlltfe!), «fef+*^t!)10 Gbit/s 
.$.2.^Ji^ti.a±©«iET-©fF-ri.^^^AT-ti, #C 
MST2?o«, ^RO«Bttt, *Kracasts 
TXtz.%7 7 <{ «X.tfx ms^tto^c^^T^ 



[0 0 0 6] ^SMWDM^fe^POeifea:, ^^AStf 

CD J*lT-%£TS!i3§3fc&*tts 
©^^^©fctofc^nc^MSJ^fias^:? 

U ^©^©^X^AOdt^^^^^^tTS CI 

©) #«*rsfc«>s:, -jfgfi&ji:^*. 0ss.au s$4 

OnmCP^j^CrCSD^U 0. 0 5ps/nm s kn&S5fc}?i 
©J&g^-f n— ^oi>^«: (D CFC«fc5£)6 0%©*f 

*U 2. 4ps/nn ba£63. d©CL m^«t^ 

jggjg (L) {+. )^TCJ;^T-§-*f>*l££i;#£>iP 
2> : 

L<104,000/(BMD|)(Gb/s) s ps/ni» ( 1 ) 

££T% BfciU f+^;!^g^aU D. tK 77 
-f^O^MRtt, 4 0 Gbit/s©^TAm 3 
2kmT*tK 10 Gbit/sC^rAT-li, 5 
1 2 kmtffiS. w-5 lis 10 Gbit/s> 4 0 

■ Gb.it/s, &z^&z.ns:A±0im.-t:myF-rz>'> 

[0 0 0 7] Cltvfe&R©^^*!^;!'©^©©*: 
^S9fi«7 7-f^ (DCF) -?«©T+-7H77y 

t o o o 8 ) am, »©*77-f y^eais^^A© 

— Wz:5V3-. ©:>;*? A &s SfsSil 0. £i7 7-f 

a-;n 4 eas»Hu mmmzit, 



I 2000-244394 
fc££&©#if*lg§ 1 3 WS^JCti^l/tf^AtgfiS) 

^©^x{±, ^-^m^^i-^i 4c 

[0 0 0 9] ^©^^^^-AT-ti, e^7 7-fA^J: 
m$-&t±. ^t.t5#ifc©S&£fc*§«£l£ 

b^gyfcfrc-tt> ^xoBffc, ^To^iaci^ 

U S^^A©^£¥lX^<b;**3f&§li:*tS. 
- [0 0 10] 

^©^^l/SrSV^Jti'^A (MM&m&mi'* 
-^A) Trtt, %^-T5>'Vl'X£7?S^a:, ^-V*;i/C*i4S 

^;wt:^4n*sv%{iKmT-^5»fg7J* s ^St&t)x 
*S«U -ffeO^T^-V.^H^S (-E^) «7 7 

[ooii] a*b<<tv^flfcoe«*ift56-«-sfc»o 

^t/VU^©|f^ (b) (OPC) , 

(c) #V'J ttifOSSH:, fStlfeDv 
S^T-tt^E^nTV^. t^U Ctl&tttf SHERBS 
^^^lTV^53g||©^5 1 A(r^S^$^^^:*^■H:, E^c* 
fifit*r). fi»J^Hx 7t^ffi4§#S (OPC) (4>P^ 

'J > ^ © ^r^^T-^fr-r S i i: ^-S h e fl. C©S^ 

'J h>^^AJ±, sIMfCJ&IW&TB:*** 1 , ££U 



[0012] mow&m.z.mm-tzyr* rta>ft&<D%i 

/BVN5;:i:fc$ttl$*iTv>2>. ^t<tt, «itt, J-X. 
CaiSCtoT, Proceedings of Optical Fiber Confer 
ence,1998,page 365 (1998) lZ&m.<omX : k&m$titz 

v^c ess^&©3IS©£fl3fe*i«?-*fc 
-rs. ^©^E-^a:, sfsmiigmss©©©^^-^ 

t£) £ttgefcjS£-r*;:i:fcfc&^. £*Ut* 
* fc3MSJ&&g«©fc©C:S*egl**cr 

#1£©«i8#^b1-&cfc&i:£%x.2.kx m*&*HS 
^*5A©^£^ftrr5fc«>©8l 

[0 0 13] 

[Rffifc8?ifc-rs;fc»©3M£) — -3*<&V*tt 

7=— (flS±tt) -t-*. j3«ttF7-f-H^y^ 

ir^mmmtzis^TBi. rut*-*—? 1 

[0 0 14] #S8t5§©£fCx *Rfri;«tIFffeCD€l^«£#SS 
[0015] 

[$5S!§©3Ug©JE8i] Cl©g£lg8u 3-?.®^- ri»£fi& 
JtSt^fACO^TKfflO, r-2Ttt» d©^e 

[00.16] 1. St»K!«ti?a-;^»iojMf 
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ft^aaffit^&s?^.— ^2 o**a4D*n*jjSifti8iv>T. eg 
uttffiftoi&fiirtie^^jL-^ (si ©14) fe«as-r 

[0017] ftgaatHftfre^A-A^ oais 

StfgS3§3 0^ T-^S^t-^31, *J:V7-f- 
rV^<y*tJ3 2*«iU ^31tt % ?-f— rV*y* 
«3 2fc^t>T4MWMr«3 OS^X^AOSf^fe® 

fb$*i,s.£d cassis. ^©— Wfcbx©*^— ;i/ 
fc*5WtMu "J^#SStfi{8§3 0Bu eS7r<f^C:« 
*S*lfc*tf— *a 3 2 qJ^gftS^L—^ 

(DCG) 3 3*>£>j£S. ^=*3 ltk -e^^ 

[0 0 18] IbfpUstvCttt @B7.r«r/tl l_h©fa 
^•©-SB* 5 . 05;L«, ^y7-3 4CJ:^T1r>7'i; >^ 

^©e^fi^-rscfc-^aisnfcr 1 -^©^ 

W^V— ^-O*" (DCG) 3 3^^»-T5tto©7 
OfcStU 7-f — ((!-§■) BU 3L7-*fc*/J% 

y h'f^y-r^'jf-f 8*5— tUBs— f&m^ 

[0 0 1 91 nJ^«-fSaf«S3 0rtt*^THU £S7 

lHoefsen, tr— +i U— ^ 3 2©— P 

©#- r t A t)> ^n©*- r- ©Bf tEB**vfc^i5fi- 
|SC?i®^U-5-f >^ (DCG) 3 3tiSifcrC>*v£. c 

©^jspyctix ^©irfci&Wf«yu-y-f >^ (dc 

G) 3 3fctt* fiW-t-KCTiMtfSarK^y^ 
U-^-T (Bragg grating) *s«VtC,ti v 

fia7r-f;u l©*©-fe^^>Mr[Sj*>5. 
[0 0 2 0] ?B«»«««« r l'— y-f >^ (DCG) 3 

t^c^^-7 i -^>^'7 : n-1'^c:o^^Tii, Eggleton'&tcj: 
-pT1998ipi0^3OB«-B"CflJR*nfe "Optical Gratin 
g Devices With Adjustable Cirp"t£S^^©^g# 
WHJ(BJg08/183,048*C*V^SBa%**tT* 5, &£89 



daSaJtgJ&^V-W Xt-PV^T^ S.Jin££.fcoT199 
B^9B23Et$ti~£l£E££tifz "Tunable Dispersion Cons 
pensatorand Optical Systeu Conprising Sane"S:S^ 

v^tfcfet::, cine>ii§:£©:fcgK*#S8£*i/fc^. 
[0 0 2 1) ^—ZU-k&^-f 3 1 fcHu ttsZtltz 
T-^©S^i^tSt*!)i:v 2/*^A©£igi^;i/ 

[0 0 2 2] 2. TOBMHHWl'-y-r >^ < DC 
G) . 

H3 Hu H2£DSIfiS^JC:«VN^©tr5g-r2)— 08k bT© 
qraa-tfcW«^V'— y-r >^ (dcg) 3 3£jjvt. >7 

U-^-f >^4 OfcU 7 7^m2fifc7#^'fXl s ^ 
7»;W-r-( >^ (apodized Bragg grating) 

(J5S;) 4 1*f,ffi5. ^-:r^>^4 Ofcfcg&tfjfc: 

*U f&&&#4 3 k bTOu SSSfcffcfc b < 

SSStfck MiLHU 7 /*±£ttl*&*ifc«2fc 
BSk^tiS. f&g£l#:4 3 tt, «xS. 

4 >^4 o.on*»ti&t>TH«ia9t«ftiU c©fc» 

(SS) tfBMfl&tSEfliU E£*& 

84 4, 4 5ti-3Tv'Sg4 8 % «x^ 

7 fcO^SflSrttifittW&tiS. » * b < ttx ^v— ^ 
-f 0tt N 3fc£RS*g-r 1 cm©P3 

Eggleton & £^T1998^10S30Bf*l7T:£iilij5$*l£: 
"Optical Grating Devices With Adjustable Chirp"& 
%£^^M1$ttIi«IS.R. 08/183, 0489lC^r%TPlB 

[0 0 2 3) UTftt, — ■3©^<*fl$JfcnJgE$ r ? 
>^4 0©R8t*J:rF»|«ft-3WT»wr*. 

R (z) ~l/t (2) 

P (z) = I'R (z) 
AA 5 (z) -AT (z) ~I l /t 
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S*EE%S£fl3**5 - kT% IW&CaSBSRlt&fe^ r-f n 
^■5. C©-7^W7«U 7~b— y-r >^©*Sj£FSfct& 

kT\ Brtg- ! W»/jS J:itf MM S HB» 

■JEHU ■jWttJMPWEWev ^u—^-r 

T, #|fc£300ps/nffi~135WiM©teB^*^£^ 
— (Sffi) t^srt^^tr^nfc. ^ 

U-ir-f >iOD£*ttte©«»&x ^V-711iJ 7" 
>l>tiu m\ 0ps:fe*fgff£&*6©¥i9{iI^£J#-=>;:k# 
JpJIjBbfctfx Cittiu C©5=^-f^«:. 10Gbit/ 

tr^-T. WTT-liv gfcJCU r©9Wf ^©SWf©M31 

saws. 

[0024) £ ©tv-w xt±. mm&iru— >>© 

S*^|qiC:T&^T^b-r5J:-5t:&IS©3fK^=i— y-f 
.' -f >^ (apodized Bragg grating) 3{p£.4g£££tiS. ^ 

T, ^U— T^-f >^©5^>— 7$^ **t»©§S^T. 

(1) 7 7"f/^©3 7'rt©SS^-^tis t©5W£©KU:J: 

W ^©ft* T ©3&©8£ti.©;fe£> tSg^$o«« 
«BttO»J|f*6fL < TtiZZ fctt^tVA) ^ ( 2 ) a 

X-tb*ifi, WaW&X-ibZ) . (3) 75<^ftSO^ 

7ht±©jg©^-fbCiEit^b> zott&j-^-ytmg 
'to y -r ;ut©n^^iB^-rs#*e*a;t:^tB-r s - k 
#T*o, 4.©t^S"T2>. SSf^aR (z) 

«±8g^t (z) C,Ea;«-rsi:V>^»JI*JHV%5Ci: 

(2)- 

b : 

(3) 

(z) (4) 
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A A, (z) 77» ^&g©SmS&&^7 " 
h£*IU AT (z) i±, Sg©g<b£glU Itiu JO 

Sit^t* (0$!), t (z) ~I/zCfc-=>T^-*6 
*i5) fc©£SJg-f5i\ AA, (z) ~zJ:ttis £ 
ttBu 7^ y Eli&o 1 ^-ffc-T 

Sett, &#&a£&T% D = dAr/dA;Ciot4x. 
5»tvS. ZZLX\ Ar=2nL/ctt, ^U— t^W >7 
©^»?>F hV fT^S^U ntt, 77<(^(Dm3fT 

V- («r (r) V (T (r x z) 
i^T% T(r. z) tt s *Bg£«'b, /c (r) tt % Sfc 

VXmrZtiiz.. «k#7;Mi££k©H©7^fc£U$g 
fttf^gg^tu ;i*ie>2o©*m©ia©«#?^£i&S&& 

#/B^£tu ffi©«@i>£©ft£«5«fctF*mfc.isa&« . 
£c©SgB:, ^-tl^e^V o-E (T'-T, 1 ) £±ZFA 
(T-T.) ^<kbT^;L£>ixi>4>©£:2£££:h.fco Cl 
Tfct. ^Jg «g) ©3lffi©SJg£^U T.fciU 
liOfig«SL^ crfcfc % >-aT77>-»5'?>2 
Bt (Stefan-BoltzHann constant). <fe^U Etiu 3kM 

mscottimttmLU ahu ^©e^^fc^s-fb-r 

£gg|©Byp:# 5~205fD >©3bH 
T?g<b$tU 7 7"fA©S^55-(SjC:S-pT©^5.i^— 

■7 7 << ^mt&coW^^m^tir^ J: ? fc-h0-fc 
*£££ieR£*xfe (f^£nfc«i*©&gfct^©JiBB 

©gg£@3g£*l.&) .' 

TOO 2 6) H4a~4dBu 7 V— ^-f >^©» 
BU 7 7^MCtooT©®(gfc8U^it$T*B^©& 
©§&£?} bTBu £©^8:3^>©i«&3tfK:#l!l£ 
£<b^5£@&#j£<!*SftS) . E4bfct. ^W^a 

Tt*nrstni[suEfc^r. -©#;s©^£*t-rsJ5* 

8u Bu©n7^7T^Cfe©^.©fc«)©JSS* J , 3 
^-T (^*!k a (4) BU Cix?>©{4El:a;S^Tfe 

g^fii^M^ fu©/^ ^5 7 tsuk b fcs^ 

(1) ©SSe©Krrtc5t1-5,«l^©RE%^^ (0 4 
c£.£V4d#ss) , c^&tt, 7 7-fWS#0&t) 



S**0*©26eSl,< Alii, ^Iz-^-O^©^ 
CdbTx a (4) £/9u\ t (z) ~3 
/zftSBygrD^^eJESfSiu 7\s-y--< >7" 

tfcfll-fSx tTfet>"&. D~I/V>~I/I'#jfc&f 

[0 0 2 5) ismtotzttxDmszzmfr?. -mittm 
±*£©«t-5&&R ob#) zn-??/^ xv&ttvtzt 

))=0 (5) 

S^g^*»e,if©§g "7/77* h (smears ou 
t) " f** 1 (fcta^-rip) H4 ciJJ:tF@4 

[0 0 2 7) ^#T- 8 cmO?l/--f-( ^fc/g^S^ 

[0 0 2 B).gl5 a& 77"f;^l/-rW >^©Se 

>7*;i'T-a:x ^fl©K^{±, *|J 5 a mint, 5 o 

tt, 7p"f/t©*^^iRit:<&-pT©e«glwRJt«aibT^ 
<fbb, iw^©m«SC:MbTs ^ix— ■ >^©PS^©H 
-eSfM©Sg©^^7A— i?a> 0££|) ^S^T- # 2> 

^©<gM^1-, 7T-i^©fe$^-(RlK:*&.orr©JBi:© 
«»-Ctt, d©®^{iiliy^© ; R^I^ ttbs'lu 
m).tBE*U ^7*^— >^©!6S8®fi|K:^VNT:©^ 

[0 0 2 9)E6aJi, 7 >^r/W 

7^7 b ;Ue^"T. -^^iv ( 1 ) ^U— r 

^ >yc«f+-7«f CSjStS 0 V 4 (2) 0. 6 
ll*;i/K (3) 0. 82V, £«fctf (4) 1. IV 

r. ^v-^-r >^©^^t^T#ae&*c«ia 
^Sfi5"t^ft-r^c©iiim CM) ©fc»t» ES*7^ 
7 stif7-^i7 h;!/©^^* 5 ^© 



zeD^-^CDmm&ii, ^/W*©8§^etjfcS^fl<#£ 
l^4>©t?«:;&<s zofcto, ffi&ftxhuj > <M 

[0 0 3 0] S7~10fct, 

gfctO. 0 0 5 nnt«!)v S-5ts J: t> 

[0 0 3 1] ^;u-?®IC«I#5S4t5RBt UT 

U -©fcto, tru-n ^VT'rj? 4 jMomftWbm 
$im£;<{Xim&?z> ; (b) 77-f AOD7g« 

Jtira© ".MX (noise) " * ; (c) TfMT 

^rtfcswjKfcv^g* ct#) am^ffim-rs (fc 

&2£f3!gi:fctfc£>&vV) ; (d) lf7D7^;i^3fl 
©Xo:7^;W)»£>-fix-t:v>fc!K ffi^^®©^^^ 

&«g»©3EKJWRHfco ^TSfiTf 5 - £: ttT * 

ymmcommx^^taztit. ait*!**, ctv 

tt, ^^©ft^Efcte^T©^©^* 5 , Savvg 
$^^r-;i/T-^C 2>2H&^?-©##©^£:&^--t£ 
£ "¥*t(b (smooth out) " t , d©#)« 
©£«>, Kff&SVAttte©^^©'^*:^®©^* 5 
e« # a Z t »T « 3 t % X. 5 . 
[0 0 3 2] B9S, ^U-t^^tVW*©^^ 

(1) 0. 5 3V, (2) 0. 6 11V, (3) "fr. 7 
2V, (4) 0.' 82V, (5) 0. 9 4V, HXV 



(7) #12 0 00-2 44 394 

• (6) 1. 1 Vt-»LT7jrf. C©glli, #tfc©^g5i£ 

ti (fi-t/'jf-f ) s^-f- »j^;i^-riis© 
•v-rx (noise) ■ t±, #i&«*«iio-rs hfk&Wa 

*5>©<lsH:*:ofc 2 0 p st-feS^ 

ioo33)iaiott, m^j^-yms-^mtwiiD^. 
Cfc^J-r L-fc i: £ ©t : - * ©asife^fisfc^ 

8S;gS:*:-#-f5tau fi)D=-135 Ops/mo:* !>, 

erne, o. 4v©gjjD^E*j:im^r5 0/4W3& 

[0034] C©H»CiJ{t5^934D€KEti, 200 
xs&©tr-£©ge:fcf&?-53$)l'. iv G&iwfes - 

s*) fcwwF*ifc. ^h.tt, es^crasis^-rs 

ci:©«:v>-f^C:®VM^^;»/T5&-S. SC, ;L*i«fc?>?S 

*:«)C:«3»©JS*T^-ffc^^D^<-r5^t*s, 
[0 0 3 5] Cl©S??EB:, ^S^->7 T^f rqs&Vz— 

©l£tfC:-pv\T^b*:. ^ixtt, Z.oyr)^4 xif. nft 

i&Sf-pfc»T*-5. _tx£©J:-5Cx p©7=^W^B:, ^9- 
tfc^:, - 3 0 0ps/narf>»t>- 1 3 5 Ops/nB©^HT^i^ 

mtz>?3.-->-y (a®) -e^ r©t &©«!?)?«* & 

tt. Iff h^^^J:5* i «£t3'J^$V^^fc, $f*b<tt, 1 

Crt^StlSf^'fXB:, «UB^t,©l Ops* 
*«i£* , ;i'-7«ffi«»£Jfr&, .^T, 1 0 Gb i t 
/s^i'^^A ($tJ100ps©tTf hfSifS) C:ffiV^ 
S©{r+^»x.?>^S. 4 OGbi t/s©©{rc- 
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